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generalisability of these findings to other populations with different nutritional statuses is not known. Further large well-conducted randomised controlled trials in other populations are required.
P L A I N L A N G U A G E S U M M A R Y
Antioxidant vitamin or mineral supplementation in people with moderate to severe age-related macular degeneration may have modest benefits in delaying the progression of the disease The retina (the light sensitive layer at the back of the eye) can deteriorate with age. Some people get lesions called 'age-related macular degeneration' that can lead to loss of central vision. It has been suggested that progression of the disease may be slowed down in people who eat a diet rich in antioxidant vitamins (carotenoids, vitamins C and E) or minerals (selenium and zinc). The review of trials found that supplementation with antioxidants and zinc may be of modest benefit in people with moderate to severe disease. Long term harm from these supplements cannot be ruled out. More trials in other populations are required.
B A C K G R O U N D
Age-related macular degeneration is a disease affecting the central area of the retina (macula). In the early stages of the disease lipid material accumulates in deposits underneath the retinal pigment epithelium. These deposits are known as drusen, and can be seen as pale yellow spots on the retina. The pigment of the retinal pigment epithelium may become disturbed with areas of hyperpigmentation and hypopigmentation. In the later stages of the disease, the retinal pigment epithelium may atrophy completely. This loss can occur in small focal areas or can be widespread (geographic). In some cases, new blood vessels grow under the retinal pigment epithelium and occasionally into the subretinal space (exudative or neovascular age-related macular degeneration). Haemorrhage can occur which often results in increased scarring of the retina.
The early stages of the disease are in general asymptomatic. In the later stages there may be considerable distortion of vision and complete loss of visual function, particularly in the central area of vision. Population-based studies suggest that in people 75 years and older, approximately 30 per cent have early signs of the disease and seven per cent have late stage disease (Klein 1992) . It is the most common cause of blindness and visual impairment in industrialised countries. In the UK for example, over 30,000 people are registered as blind or partially sighted annually, half of whom have lost their vision due to macular degeneration (Evans 1996) . Currently there is no treatment that can restore vision in age-related macular degeneration.
Photoreceptors in the retina are subject to oxidative stress throughout life due to combined exposures to light and oxygen. It has been proposed that antioxidants may prevent cellular damage in the retina by limiting the damaging effects of free radicals produced in the process of light absorption (for a review see Christen 1996) . Antioxidant vitamin and mineral supplements are increasingly being marketed for use in age-related eye disease, including age-related macular degeneration.
O B J E C T I V E S
The objective of this review is to assess the effects of antioxidant vitamin and/or mineral supplementation on the progression of age-related macular degeneration.
C R I T E R I A F O R C O N S I D E R I N G S T U D I E S F O R T H I S R E V I E W

Types of studies
This review includes only randomised controlled trials.
Types of participants
Participants in the trials were people with age-related macular degeneration in one or both eyes.
Types of intervention
Trials in which antioxidant vitamin and/or mineral supplementation was compared to placebo or no intervention are included. Antioxidants were defined as any vitamin or mineral which is known to have antioxidant properties in vivo or which is known to be an important component of an antioxidant enzyme present in the retina. The following were considered: vitamin C, vitamin E, carotenoids, selenium and zinc.
Types of outcome measures
The following outcomes were used:
(1) number of participants with disease progression, (2) number of participants with new visual loss due to age-related macular degeneration, (3) quality of life measures, (4) any adverse outcomes as reported in trials.
The following definitions were used:
• Age-related macular degeneration: this was taken as defined by trial investigators. It is commonly defined as: in the macular area 3000 microns diameter from fovea: drusen with or without pigmentary abnormalities or geographic atrophy or characteristic choroidal neovascularisation with no other cause.
• Progression of disease: development of drusen, geographic atrophy or growth or progression of new vessels in the retina.
• Visual loss: any well-defined outcome based on visual acuity was used depending on the way in which authors presented trial data. Other validated measures of visual loss, such as contrast sensitivity, were used where available.
• Quality of life: any validated measurement scale.
S E A R C H M E T H O D S F O R I D E N T I F I C A T I O N O F S T U D I E S
See: methods used in reviews. No additional search terms for antioxidant vitamin and mineral supplements were used. All possible age-related macular degeneration trials were examined for trials of vitamin and mineral supplements.
The reference lists of identified trial reports were searched to find additional trials. The Science Citation Index was used to find studies that cite the identified trials. Investigators of included studies were contacted to identify additional published and unpublished studies.
Searches were first performed in August 1997 and repeated in October 1998 , December 1999 , September 2000 and November 2001 .
M E T H O D S O F T H E R E V I E W
Selection of trials
The reviewer assessed the titles and abstracts of all reports of trials identified by the electronic searching. The full text hard copies of possible trials of antioxidant vitamin and/or mineral supplements were obtained. Relevant studies were selected according to the definitions in the 'Criteria for considering studies for this review'.
Assessment of methodological quality Trial quality was assessed according to methods set out in section 6 of the Cochrane Reviewer's Handbook. Five parameters were considered: allocation concealment, method of allocation to treatment, documentation of exclusions, masking of outcome assessment and completeness of follow-up.
Each parameter of trial quality was graded: A -low risk of bias; B -moderate risk of bias; and C -high risk of bias. The assessor was not masked to the report authors and trial results. The a priori criterion for exclusion was that trials scoring C on allocation concealment (that is, where allocation was not concealed properly) were excluded.
Data collection
The reviewer extracted data using a standardised form developed by the Cochrane Eyes and Vision Group. These data were sent for verification to the trial investigators of all studies included in the review.
Data synthesis
Due to the small number of trials identified, and variable methods of collecting and presenting outcome data, no summary measure was calculated.
D E S C R I P T I O N O F S T U D I E S
Finding the trials The original electronic searches identified 577 reports of possible age-related macular degeneration (AMD) trials of which five reports (four trials) were of antioxidant interventions (Newsome 1988; Kaiser 1995; AMDSG; Stur 1996) . These four trials met the inclusion criteria for this review. Contact with a trial author identified an additional trial of zinc supplementation that has been published in abstract form only (Holz 1993).
In October 2001, the result of the Age-Related Eye Disease Study (AREDS) was published. The reference list of this study report identified that the Vitamin E, Cataract and Age-related maculopathy study (VECAT) had been published in abstract form.
Searching the reference lists of trial reports located one further possible relevant trial (Vannas 1958) . This study was not included in the review because there was no evidence from the report that the comparison groups (heparin, vitamin A & E, Hydergin therapy and placebo) were randomly allocated or that the allocation was concealed in any way. As the trial was conducted in 1958, no further attempt was made to clarify this.
A trial of zinc supplementation (30 milligrams (mg) daily) of people with neovascular AMD in one eye and drusen in the other (n = 170) has been conducted and is as yet unpublished (France 1998). This trial is listed as 'Awaiting assessment' in this review.
See the Table of Included Studies for detailed information about the seven trials included in this review.
Types of participants
The average age of people participating in the trials was 70 years. Slightly more women than men were recruited with the exception of the AMDSG where predominantly men were enrolled. In the AREDS study it was noted that people taking part in the trial were relatively well-nourished compared to the general population. This is commonly found in clinical trials.
People taking part in the trials were identified by referral from local ophthalmologists (Newsome 1988; Kaiser 1995) , from people attending Department of Veterans Medical Centers (AMDSG), from retinal specialty clinics and general population volunteers (AREDS), an eye outpatient clinic (Stur 1996) and general population (VECAT).
The trials enrolled groups of people with AMD at different stages of the disease: the AMDSG considered people with early macular degeneration only; Newsome 1988 examined people with both early and late stage disease; Stur 1996 enrolled only people with late stage disease in one eye; Kaiser 1995 recruited only people with geographic AMD. In the AREDS study participants had a range of disease from mild or borderline features to advanced AMD which was defined as geographic atrophy involving the centre of the macula or features of choroidal neovascularization. The majority of the participants in the VECAT study had no or mild age-related maculopathy.
Types of intervention Three trials compared zinc sulfate 200 milligrams daily versus placebo (Newsome 1988; Holz 1993; Stur 1996) . Two trials compared a broad-spectrum antioxidant complex versus placebo (AMDSG -Ocuguard; Kaiser 1995 -Visaline). The VECAT study compared vitamin E (500 international units (IU) daily) with placebo. In AREDS a 2x2 factorial design was used. Participants were randomised into four groups: placebo, zinc alone (80 mg daily), antioxidants (vitamin C 500 mg, vitamin E 400 IU and beta-carotene 15 mg) alone and zinc plus antioxidants. 67% of participants in AREDS took additional multivitamin supplements to recommended daily allowance levels (Centrum).
The duration of supplementation in these trials ranged from six months to seven years. In most studies disease progression was assessed by grading stereoscopic colour photographs of the retina. Stur 1996 used the Wisconsin Age-Related Maculopathy Grading System (Klein 1991); AMDSG used the grading system developed as part of the Chesapeake Bay Waterman Study (Bressler 1989) ; VECAT used the International Grading System (ARM Study Group 1995); AREDS adapted the Wisonsin system. The Wisconsin, AREDS and International Systems are closely related; the latter was published after the two former were in use. All these grading systems involve classification into categories according to the number and type of drusen, pigmentary abnormalities and presence of geographic atrophy or neovascularisation. In AMDSG and Stur 1996 these categories were accorded a score which was analysed as a continuous measure. Newsome 1988 recorded the number of cases of increased drusen, pigment and atrophy. Kaiser 1995 did not include any measures of progression of AMD.
M E T H O D O L O G I C A L Q U A L I T Y
All of the five trials that were published before 2001 were smallthe number of participants for which data were analysed ranged from 20 to 151. In only one trial (Stur 1996) was an a priori sample size estimate reported but the trial was terminated early when follow-up of the first 40 patients showed no detectable trend. The more recent trials, AREDS and VECAT, were larger at 3640 and 1204 participants respectively and were based on prior sample size calculations. In the case of VECAT, however, sample size was based on estimated prevalence and incidence of cataract rather than age-related maculopathy. In addition, most of the 1204 participants did not have signs of age-related macular degeneration at the beginning of the study and are therefore included in the related Cochrane review on prevention of AMD (Evans 2001).
In most trials randomisation appeared to have been executed properly, that is, an unpredictable sequence of treatment allocation was concealed adequately from people recruiting participants into the trial. As Holz 1993 has only been published in abstract form to date the details of randomisation were not clear. In one trial (AMDSG) more people in the placebo group withdrew (six) compared to the treatment group (one). The description of the tablets cannot exclude the possibility that there were detectable differences between treatment and placebo that may mean that some participants in the study were unmasked. In AREDS four people were documented as being unmasked to study group. More people in the antioxidant group (8.3%) reported changes in skin colour (yellowing) than in the placebo group (6.0%) P < 0.01 and more people in the zinc arms reported difficulty swallowing the study tablets (17.8% versus 15.3%, P = 0.04). However, there was little evidence of unmasking -at the end of the study, participants were asked to guess their treatment assignment. The percentages of participants who guessed correctly, by treatment assignment were: placebo 17%, antioxidants alone 16%; zinc alone 18%; and antioxidants plus zinc 16%.
In one trial (Stur 1996) analysis of the main outcome measures (visual function and progression of disease) was not done on a strictly intention-to-treat basis as anyone experiencing the endpoint of late stage age-related macular degeneration (neovascularisation) was withdrawn from the study. Contact with the trial investigator revealed that all of these participants ended up with visual acuity of 20/200 or less and that these participants were excluded because the investigators wished to detect functional changes caused by degeneration of the retinal pigment epithelium and the sensory retina and not vision losses caused by choroidal neovascularisation.
R E S U L T S
The results of the studies could not be summarised meaningfully because measures of vision and disease progression were presented in different ways. The largest trial (AREDS) only presented odds ratios derived from repeated measures logistic regression so these could not be included in the graphical displays. The following description highlights the main results from each study.
The AMDSG found an effect on visual acuity in the left eye only (P = 0.03). The average visual acuity (logMAR score) of the left eye of people in the placebo group was 0.24 (standard error 0.03) at baseline and 0.40 (standard error 0.10) 18 months later; in the antioxidant treatment group vision in the left eye remained stable at 0.19 (standard error 0.03). There was no evidence of any beneficial effect of antioxidant supplementation on progression of the disease. However, more people in the control group (9/24) than the intervention group (5/35) reported their vision had declined at 18 months.
Kaiser 1995 found no difference between treatment and control in objective measures of visual functioning although more people in the control group (3/10) than the treatment group (0/8) reported deterioration in visual function.
Newsome 1988 found a clear effect on both vision and progression of disease. People in the zinc treated group were less likely to lose 10 or more letters on the ETDRS chart than controls (odds ratio 0.33, 95% confidence interval 0.15 to 0.69) (equivalent to a loss of two lines on the chart); there was evidence of slower progression of disease in the treatment group. Stur 1996 showed no evidence of any beneficial effect of zinc supplementation on visual function or progression of age-related macular degeneration, similarly, Holz 1993 showed no difference in the incidence of new exudative or dry lesions (four versus two per group).
None of these trials contained information on quality of life and they were too small to look for serious adverse effects. The main reported adverse effect leading to withdrawal from the studies was gastrointestinal symptoms. Of 286 people randomised into trials of zinc sulfate supplementation compared to placebo, 5/146 zinc treated people withdrew due to gastrointestinal symptoms compared to 2/140 controls. No-one developed copper deficiency anaemia. In the AMDSG trial, one person developed an 'allergic reaction' although it was not clear whether or not this was related to the treatment.
The results of VECAT have only been published in abstract form at present. Although 1204 people were randomised initially, only 102 of those followed up to four years had early age-related maculopathy (ARM) at baseline. Of these 44 experienced worsening of ARM over the study period but there was no evidence of any benefit from vitamin E supplementation. There was also little evidence of a reduction in the incidence of ARM in people previously without the disease but these data are considered in the Cochrane review on prevention of age-related macular degeneration (Evans 2001).
AREDS reported data for three categories of participant: (i) mild or borderline AMD features (n = 1063); (ii) AMD but not advanced AMD (n = 1621) and (iii) advanced AMD or reduced visual acuity due to AMD in one eye (n=956). Advanced AMD was defined as signs of geographic atrophy involving the centre of the macula or signs of choroidal neovascularisation (defined as the presence beneath the retinal pigment epithelium of sensory retina of fluid, blood or fibrovascular or fibrous tissue).
The study followed up 90% of the cohort by the end of five years; the mean follow-up time was 6.3 years. On the basis of having missed last two consecutive study visits, 2.4% were defined as lost to follow-up. In the borderline AMD group, 1.3% progressed to advanced AMD by five years (15 AMD events); in the advanced AMD category, 43% progressed to advanced AMD (in the other eye) by five years and 18% progressed in the intermediate group.
At five year follow-up, 71% of participants were taking 75% or more of their tablets.
The investigators found that individuals with outcomes such as signs of advanced AMD and visual acuity loss of 15 or more letters could recover later on. Approximately 8% of the identified cases of advanced AMD, based on central grading of colour stereo photographs, apparently recovered as the AMD lesions were not seen on subsequent yearly photographs. The report did not distinguish between grading errors and verified disappearance of lesion. For this reason they used repeated measures logistic regression which counts each event but also allows for the fact that the event could 'recover'. A summary of their results is shown in Table 02 and Table 03 .
AREDS considered a number of safety outcomes. They conducted over 100 comparisons of zinc versus no zinc and antioxidants versus no antioxidants. Participants in the antioxidant arms more frequently reported yellow skin (8.3% versus 6.0%, P = 0.008). Participants in the zinc arms reported more anaemia (13.2% versus 10.2%, P = 0.004) however serum haematocrit levels were the same. They found that none of the individual treatments, when compared with placebo, statistically significantly reduced or increased the risk of mortality although the estimate is in the direction of harm for participants who had never smoked. The trial was not designed or powered to investigate effects on mortality and therefore interpretation of this sub-group analysis should be measured.
D I S C U S S I O N
Prior to 2001 there was little evidence as to the benefits and harms of antioxidant supplementation in age-related macular degeneration. Previous versions of this review concluded that 'currently available trials do not answer the question as to whether people with age-related macular degeneration should take antioxidant vitamin and mineral supplements in order to halt the progression of the disease' and that two large trials were ongoing in USA and Australia. These trials have now been published (one in abstract form) and are included in this review. Table 01 shows the sample size and number of events in the trials included in this review. There have been 4119 people with signs of age-related macular degeneration randomised into trials of antioxidant vitamin and mineral supplementation producing in the region of 814 events. The majority of people (88%) have been randomised in the AREDS trial which has produced the majority of the events (88%). There is one additional trial of zinc supplementation (30 milligrams) in 170 participants that has not yet been published and is awaiting assessment in this review.
AREDS found a modest beneficial effect of antioxidant and zinc supplementation on progression to advanced AMD. This effect was seen most strongly in people with moderate or advanced signs of the disease. They also found that people with moderate or advanced signs of the disease supplemented with antioxidants and zinc were less likely to develop reduced vision. There were only 15 'events' in people with mild or borderline signs of the disease at five years follow-up and this study was underpowered to answer the question as to whether people with early stages of the disease might experience modest benefit from vitamin and/or mineral supplementation.
Visual acuity fluctuates over time and clinical signs of AMD change, sometimes for the better. The analysis of AREDS took this variability into account using repeated measures logistic regression. The advantage of this technique is that it takes into account all the experiences of the participants over time. The disadvantage is that some of the transient events counted may be due to errors in grading retinal photographs which may not be the most relevant outcome for the patient. From the patients' point of view, the most relevant outcome is the risk of developing permanent visual loss and established advanced AMD. However, defining 'permanent' can be problematic. On request, AREDS supplied unpublished data on AMD and visual acuity outcomes for the five year followup in a format more suitable for incorporation into this review. However, this did not include information on confirmed cases prior to the five year follow-up. As this provides less information than the measures presented in the published report of the study, I decided not to include these data in the review.
Another difficulty with logistic regression is that the effect measures are all presented as odds ratios. These have convenient mathematical properties but are not always easily interpreted. Most people tend to think in terms of the relative risk or risk ratio. The odds ratio approximates the risk ratio when the event rate is low (less than 10 per cent), but at higher event rates such as seen in this study the odds ratio exaggerates the benefits (or harms) of treatment. It is possible to calculate risk ratios directly from the report and the authors report that the risk reduction in progression to AMD for people with moderate or severe disease is 25% (compare with odds ratio of 0.66 and therefore odds reduction of 34%).
As AREDS is a large well-conducted randomised study, potential biases will have been minimised. The only area where bias may have been introduced is if there were different systemic effects of the antioxidant and zinc supplementation (e.g., yellowing of skin or difficulty swallowing tablets) which lead the participants to guess which group they were in or alternatively, the retinal fundus photographs might have been different in some way such that the graders response was affected by treatment group. There is little evidence that this was a problem in the study.
The other trials included in this review add little to the discussion of this topic. They were too small on their own to provide definitive answers and the variety of ways in which outcomes were measured and reported means that meta-analysis, or pooling of their results, is impossible.
The three trials of daily supplementation with 200 mg zinc sulfate were small (less than 200 participants). The results of these trials were inconsistent -one found a beneficial effect whilst the others did not. This may reflect differences in the populations studied: the positive result was looking at progression from early stages of the disease, whilst the other took people with established neovascular disease and followed-up the second eye. It is difficult to rule out competing explanations for the effects observed. The study with negative findings may not have had enough power to detect a difference; the study with positive findings may have had imbalances in the two groups studied. There is one unpublished trial on zinc supplementation that is not yet included in this review (170 participants).
The AMDSG trial of broad-spectrum antioxidant supplementation was too small (59 participants) to detect important effects and its results must be described as equivocal. The authors reported a positive finding but the size of the effect was small and was limited to distance visual acuity in the left eye only. As many parameters were analysed for right and left eyes, this may be a chance finding. No effect was seen on other measures of visual function or progression of the disease, with the exception of subjective perception of vision. Similarly the Kaiser 1995 trial of Visaline was too small to detect differences in visual function (20 participants) but participants in the control group were more likely to report worsening of visual function.
None of the trials identified have published data on quality of life as yet. These data were collected in AREDS and will be published shortly.
AREDS was the only study to examine effectively the question of safety. They found little evidence of harm, although in a post-hoc analysis non-smokers taking antioxidants had a non-significant increased risk of death. Smokers are at increased risk of developing advanced AMD, however, the current consensus is that smokers who take beta-carotene may be at increased risk of developing lung cancer (ATBC; Omenn 1996).
A U T H O R S ' C O N C L U S I O N S
Implications for practice
People with moderate to severe age-related macular degeneration may experience modest delay in progression of the disease with antioxidant vitamin and mineral supplementation. This finding is drawn from one large trial conducted in a relatively well-nourished American population. Until it is replicated by other largescale trials in other populations we will not know whether these findings can be applied more generally. There is no evidence that people with early signs of the disease would benefit from antioxidant supplementation. Current studies have been underpowered to address that question.
Antioxidant vitamin and mineral supplements are readily available for purchase without prescription in many countries. The decision as to whether to take these supplements is at the discretion of the person with age-related macular degeneration. The following benefits and harms need to be considered. People with moderate or severe disease may delay the progression of their condition if they take antioxidant vitamins and zinc at the levels described in this review. Given that there are few other interventions that offer much in the way of disease prevention or cure this is an important consideration. However, harmful effects associated with long-term vitamin supplementation, particularly in smokers, cannot be ruled out. A healthy diet with a variety of fresh fruit and vegetables will have many benefits and is unlikely to be harmful. However, it may be difficult to consume safely as part of a normal diet the levels of antioxidants and zinc described in the trials included in this review. For example, one orange provides 80 mg of vitamin C; this is a relatively high amount. However, one would need to eat six to seven oranges daily to obtain 500 mg vitamin C.
Implications for research
Trials in other populations, preferably with a variety of nutritional statuses, are required. These trials should have a large enough sample size to demonstrate effects that are meaningful for patients and should also include a component on quality of life.
It is likely that age-related macular degeneration develops over many years. Three categories of people may be identified: healthy people at risk because of age or genetic factors; people with early stages of the disease; people with intermediate or late stage disease. There are likely to be differences in the potential protective effect of antioxidant supplementation depending on the stage of the disease.
N O T E S
The Cochrane Eyes and Vision Group editorial team is aware that there has been some criticism of one trial included in this review (AREDS). We welcome comments and criticisms on the review through the feedback system of the Cochrane Library.
P O T E N T I A L C O N F L I C T O F I N T E R E S T
None known.
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R E F E R E N C E S
References to studies included in this review
AMDSG {published data only} Richer S. Multicenter ophthalmic and nutritional age-related macular degeneration study-part 1: design, subjects and procedures. Losses to follow-up: 6 withdrawn due to adverse gastrointestinal effects (4 treatment, 2 control); 14 withdrawn when developed neovascularisation (9 treatment, 5 control); 14 lost to follow-up (6 treatment, 8 control).
Participants Country: Austria. Number of participants randomised: 112. Age: 50 plus. Sex: 48 men, 64 women. Inclusion criteria: exudative AMD in one eye (defined as angiographic evidence of classic or occult choroidal neovascularisation or RPE detachment) and early ARM with visual acuity 20/40 or better in other eye (early ARM: macular drusen with no angiographic evidence of exudative lesion).
Exclusion criteria: dense senile cataract; any other eye disease which could produce significant and permanent loss of visual acuity during follow-up; physical status that could prevent follow-up; history of serious systemic or metabolic disease. 
A D D I T I O N A L T A B L E S
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